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DESIGNING FAN CHARTS FOR GDP GROWTH FORECASTS TO BETTER REFLECT DOWNTURN RISKS
By David Turner 1
1.
Introduction and summary
Forecasts of GDP growth are typically over-optimistic for horizons beyond the current year, particularly because they fail to predict the occurrence or severity of future downturns.
2 Macroeconomic forecasters have also long been under pressure to convey the uncertainty surrounding their forecasts (Tay and Wallis, 2000) , particularly since the financial crisis (Pain and Lewis, 2014) . The current paper proposes a method to address both these issues simultaneously by constructing fan charts which are parameterised on the basis of the historical forecasting track record, but distinguish between a "safe" regime and a "downturn-risk" regime using so-called early warning indicators of prospective downturns.
2.
The main findings of the paper are as follows:
 The largest errors in year-ahead OECD forecasts of GDP growth for the G7 countries are overwhelmingly over-predictions associated with a failure to forecast the occurrence of downturns. Regression analysis for G7 countries suggests that early warning indicators, relating to credit and housing market developments, are strongly correlated with these overpredictions. These early warning indicators then form the basis of distinguishing a "safe" regime and a "downturn-risk" regime, with each regime having its own risk distribution and associated fan chart.
 The risk distribution associated with the downturn-risk regime is characterised by a skewed two-piece normal distribution where the downside risk distribution is parameterised from an estimate of the mean forecast error during downturn-risk periods. In addition to domestic early warning indicators, a sum of similar indicators in other countries above a minimum threshold, is also useful in assessing the international spillover risk of a downturn and can further increase the negative skew in the fan chart.
 Conversely, in a safe regime, when the early warning indicators are not flashing, the fan chart is symmetric and narrower both relative to the downturn-risk regime and relative to what it would be if the dispersion was calculated with respect to the entire forecast track record with no distinction between regimes.
1.  Following the suggested methodology, the degree of negative skew when early warning indicators are flashing can be substantial. When a domestic early warning indicator is flashing the extent of negative skew typically ranges between 1 and 2 percentage points, but when such indicators are flashing in many countries simultaneously, as they were in the prelude to the global financial crisis, the degree of negative skew can be many times greater. Fan charts which take account of early warning indicators in this way are much better at encapsulating the outturns associated with a downturn than a symmetrical fan chart calibrated indiscriminately on all forecast errors.
 There will be "false alarms" when an early warning indicator is flashing but no downturn occurs in the immediate forecast horizon. However, on many such occasions there will be a series of further alarms as tensions in the housing market or credit growth continue to build until the bubble bursts and there is an eventual downturn. Indeed, such "false alarms" may provide a more useful and timely warning to which policy can react than a "genuine" alarm just prior to a downturn. In any case, the difficulty of precisely predicting the timing of any downturn, underlines that the early warning indicators are better employed in quantifying risks to a central forecast than in adjusting the forecast itself.
3.
The remainder of the paper is organised as follows. Section 2 examines the OECD's forecast track record, distinguishing between current-year and year-ahead forecasts, as motivation for the form of fan charts which are advocated. In Section 3, recent OECD work to construct early warning indicators is summarised, as well as how it has been adapted for the current paper. In Section 4, the method of parameterising fan charts for different regimes is described and it is illustrated with fan charts for past OECD forecasts published just prior to the global financial crisis in Section 5. In Section 6, the problems in using early warning indicators in terms of false alarms and missed downturns are addressed. Finally further possible developments of the methodology are discussed in Section 7.
2.
An examination of OECD GDP growth forecast errors
4.
This section analyses OECD forecasts of GDP growth for each of the G7 economies published in the May or June (hereafter "Spring") edition of the OECD Economic Outlook, distinguishing between forecasts for the current year and the year-ahead (summary tabulations are provided in Annex A). Together with past evaluations of forecasting performance --in particular by Vogel (2007) and Pain and Lewis (2014) , summarised in Turner (2016) --this provides the motivation for the form of the fan charts advocated in later sections. Forecast errors are defined throughout as the outturn less the forecast (so that a negative error corresponds to an over-prediction), and the outturn for a particular year is defined as that published in the Spring Economic Outlook of the following year.
2.1
Characteristics of current-year forecast errors
5.
OECD forecasts of GDP growth for the G7 countries made in the Spring for the current year are available from 1971. There is no obvious sign of systematic bias in the current-year forecasts; over the full sample, the mean forecast error across all G7 countries varies between -0.02 and -0.16% points and formal tests in previous evaluations of OECD forecast performance do not reject unbiasedness.
6.
A striking feature of the current-year forecast is that there is an improvement in forecast performance over time; both the mean absolute error (MAE) and the root-mean-square error (RMSE) have declined for all G7 countries and on average by about half between the periods 1970-90 and 2000-16 (Annex A, Table A1 ). Likely reasons for this improvement in performance include a decline in the volatility of GDP growth as well as improved access and timeliness of national accounts and other related data by national statistical authorities, as well as better use of short-term indicator models which use monthly data to predict the current and next quarter's GDP growth (Turner, 2016) .
2.2
Characteristics of year-ahead forecast errors
7.
The available sample of year-ahead Spring forecasts begins with forecasts made in 1981, as yearahead forecasts were not made before that year. The year-ahead forecast errors for the G7 economies tend to confirm problems identified in past evaluations of forecast performance.
 As might be expected, forecast accuracy deteriorates as the forecast horizon is extended; the MAE and RMSE for year-ahead forecasts averaged across all G7 countries is 1.4 and 1.8 percentage points, respectively, more than double that for current-year forecasts over a similar sample period (Annex A, Table A1 and A2).
 Of greater concern is evidence of bias in the year-ahead forecasts. The mean forecast error is negative and economically meaningful for all countries, averaging -0.6% points across all G7 countries, implying forecasts typically over-predict growth in the year ahead (Annex A, Table A3 ). This is consistent with formal tests in previous evaluations of OECD forecasts, which have often rejected a null hypothesis of unbiasedness in one-year-ahead forecasts.
 The largest absolute forecast errors are all over-predictions. Across all G7 countries, there are 13 occurrences when the absolute forecast error exceeds twice the RMSE of all forecast errors for that country, but all these occurrences are over-predictions rather than under-predictions and all are associated with negative growth outturns (Annex A, Table A3 ). This confirms a finding of previous evaluations of both OECD and other macroeconomic forecasts, namely that they are invariably poor at predicting turning points, particularly downturns (Fildes and Steckler, 2002; Loungani, 2001; Abreu, 2011; Pain and Lewis, 2016) .
 After standardising forecast errors on the respective country RMSEs, the joint assumption of unbiasedness and normality is overwhelmingly rejected when pooling errors across the G7.
3 This is confirmed visually by a histogram and Q-Q plot which serve to emphasis both the negative skewness of the errors and the number of large negative outliers (Figures 1 and 2) .
 Unlike the current-year forecasts, there is little evidence of any improvement in year-ahead forecast performance over time; neither the MAE nor the RMSE is significantly or systematically lower over the period 2000-16 compared to the 1980s and 1990s (Annex A, Table A2 ).
 A further feature of the year-ahead forecast errors is that they are strongly positively correlated across countries (Annex A, Table A4 ), particularly between the United States and Canada, and between the major European economies.
3.
Wilk-Shapiro and Kolmogorov-Smirnov tests of normality are both strongly rejected at the 0.1% significance level. Note: A Q-Q plot is a scatterplot of two sets of quantiles; in this case, the quantiles on the y-axis are of the pooled year-ahead forecast errors (normalised by dividing by the country-specific RMSE) and on the x-axis the quantiles for the standard normal distribution. If both sets of quantiles came from the same distribution, the points would form a straight line.
Implications of past forecasting errors for formulating fan charts

8.
Based on the preceding analysis, the distribution underlying the calculation of the forecast fan charts is based on the following assumptions:  For the current year-forecast it will be assumed that errors are normally distributed with a zero mean around the published forecast. Given the improvement in forecast performance observed across all G7 countries, an estimate of the distribution's standard deviation is based on the forecasting track record since 2000.
 In order to gauge uncertainty surrounding the year-ahead forecast, there is a need to identify if there is risk of a downturn. If so, then uncertainty will be greater, with errors more likely to be skewed to the downside. The following sections describe the approach to identifying the downturn risks and parameterising the skewed-to-the-downside distribution.
3.
Identifying downturn-risk regimes using early warning indicators
9.
Recent OECD research by Hermansen and Röhn (2016) , hereafter HR, provides empirical evidence on the usefulness of a set of early warning indicators to predict severe downturns in OECD economies over the period . The usefulness of the indicators is assessed on the basis of the signalling approach, whereby an indicator signals a vulnerable state of the economy if it crosses a threshold. 4 Thresholds levels are chosen so as to strike a balance between the risks of missing vulnerable states and issuing many false alarms. In particular, a loss function is used to determine the optimal thresholds, which explicitly takes into account preferences between these type I and type II errors. An indicator is judged to be 'useful' if its predictions result in a lower loss compared to a benchmark in which the indicator is ignored.
10.
The current paper focuses only on the set of domestic indicators which were found by HR to consistently perform the best across all OECD, namely housing market variables (real house prices, the house-price-to-rent ratio and the house-price-to-disposable income ratio) and credit variables (total private credit and bank credit). However, an important difference with HR, is that the choice of indicators within this subset is country-specific, based on the same evaluation criteria described in HR but applied to each country individually. On this basis, it is possible to find a credit-related early warning indicator which is useful in predicting downturns for every G7 country and a housing-related indicator for every G7 country except Germany and Japan (Table 1) .
Table 1. Definition of preferred domestic early warning indicators
Note: All variables correspond to those defined in the second column of Table 1 in Hermansen and Röhn (2016) .
Source: Hermansen and Röhn (2016) and authors' calculations.
11.
In most cases, the current paper adopts the same functional form of the indicator found to be optimal across all OECD countries by HR. 5 An exception is the United Kingdom, where the same housing market and credit variables are used as the basis for the early warning indicators, but where an alternative functional form and threshold was found to be more successful in predicting downturns. 6 In particular, the functional form found to be most successful when applied uniformly across all OECD countries, is simply the unadjusted ratio of the house-price-to-rent ratio, the house-price-to-disposable income ratio and the total-private-credit-to-GDP ratio, this is not the most appropriate functional form for all countries. For example, for the United Kingdom, there is a pronounced upwards trend in all of these ratios, which means that the variables only pass alert thresholds in the later stages of the sample, even though it is clear that rapid increases in these variables preceded downturns earlier in the sample. This suggests that a functional form capturing the rate-of-change might be more successful, and testing using the same methodology as HR finds that a growth-rate functional form is indeed more successful in predicting downturns for the United Kingdom. A similar argument applies to the United States in terms of the private credit variable expressed as a percentage of GDP. These examples raise the possibility that customising the form of the 5.
The form of the indicator variables are those shown in the second column of Table 1 of Hermansen and Röhn (2016) corresponding to the preference parameter σ = 0.8.
6.
A more minor change to the indicators used by HR was to the alert threshold for the US house-priceincome ratio which was here lowered to 75% from 80%. Otherwise, the alert thresholds remain the same as those used by HR. early warning indicators for individual countries may improve their predictive power and hence be more useful in constructing fan charts, an issue which is further discussed in Section 7.
Parameterising fan charts for different regimes
Central bank approaches to constructing fan charts
12.
Forecast fan charts are one way for macroeconomic forecasters to convey the uncertainty surrounding their forecasts (Tay and Wallis, 2000) . The term "fan chart" was coined by the Bank of England which has been using such charts since 1997 in its Inflation Report to describe the uncertainty around its forecast of inflation and GDP growth. For the Bank of England, the width of the fan chart is initially based on the dispersion of outturns around previous forecasts, but this is then modified by the Monetary Policy Committee based on their judgement as to whether uncertainty looking forward is likely to be greater or less than that past experience, and whether risks are skewed to the up-or down-side (Britton et al., 1997; Bank of England, 2005) .
13.
The Riksbank (the Swedish central bank) has also published an Inflation Report containing its inflation forecast with uncertainty bands around the forecast since 1997. In the case of the Riksbank, when the fan charts were first introduced, the underlying distribution was informed by model simulations of shocks that were judged likely to influence the forecast (Blix and Sellin, 1998) . However, since 2007 fan charts are based on historical errors, with fan charts bands calculated using the historical RMSE and assuming that errors are normally distributed (Sveriges Riksbank, 2007) .
14.
While the Bank of England and Riksbank pioneered the use of fan charts in macroeconomic forecasting, this practice has since spread among many central banks as well as other major national and international institutions [see World Bank (2016) for a recent survey].
4.2
Fan charts under a safe regime
15.
When no early warning indicators are flashing, the band widths of the fan chart are computed with respect to the RMSE of forecast errors which are typical for safe periods, rather than from the full sample of forecast errors. On average across G7 countries this will reduce the band widths of the fan chart by about one quarter (Table 2 ). For example, in the case of Italy, this reduces the dispersion of the fan chart for one-year ahead errors by more than one-third over any given prediction interval; thus (assuming errors are normally distributed) a 90% prediction interval for one-year ahead forecasts of Italian GDP growth based on the full sample of forecast errors would be more than 6 percentage points wide, whereas based on the reduced sample of safe periods it would be less than 4 percentage points. 
4.3
Constructing fan charts to reflect downturn risks
16.
The approach adopted in this paper is different to that of the Bank of England and Riksbank, as the distribution underlying the fan chart is calculated solely from past forecast errors, but distinguishing between different regimes according to whether an early warning indicator is flashing.
 Under the safe regime it is assumed that possible outcomes are normally distributed around the published forecast, which is assumed to be the modal outcome. Given the symmetry of the normal distribution, the modal outcome is also the mean outcome. The dispersion of possible outcomes is based on the RMSE of forecast errors during periods in which early warning indicators are not flashing.
 Under the downside-risk regime, the possible outcomes are skewed to the downside, implying that if the published forecast is the modal outcome, then the mean outcome is below the published forecast.
17.
While the approach to parameterising differs, the current paper follows the Bank of England and Riksbank in using the two-piece normal distribution to model the distribution of risks when they are skewed. The two-piece normal distribution can be summarised in terms of three parameters --the mode (µ) and two standard deviations (σ 1 and σ 2 ) --and is formed by taking two halves of normal distributions with parameters (µ 1 σ 1 ) and (µ, σ 2 ), and scaling them so that the probability density functions have a common value at the mode (see Annex B). With σ 1 > σ 2 the distribution will have negative skewness, and the relationship between the mean outcome, μ*, and mode is given by (see John, 1982) :
To estimate the three parameters of the two-piece normal distribution for the downturn-risk regime, the following assumptions are made:
i. The published forecast is the modal outcome, µ.
ii. The smaller standard deviation, σ 2 , of the upper half of the distribution can be approximated by the RMSE of forecast errors in "safe" periods when there is deemed to be no risk of a downturn. The reasoning is that if the outcome exceeds the published forecast so that there is no severe downturn, then there is little reason to expect the forecast error to be exceptional and hence it can be evaluated by the past forecast performance during safe periods.
iii. The larger standard deviation, σ 1 , of the lower half of the distribution is computed by first estimating the mean forecast error during "downturn-risk" periods and then using equation (1), given the assumptions for µ and σ 2 above, to determine σ 1 .
19.
The mean forecast error during downturn-risk periods is estimated by regressing forecast errors over the full sample period for each individual G7 country separately on one, or sometimes two, early warning indicator(s), thus: where t e t +1 is the error in the forecast (outturn minus forecast) published in the Spring of year t for calendar year (t + 1) and w i t (i =1 or 2) is a binary variable representing the early warning indicator(s) taking the value 1 or 0, where 1 signals the risk of a downturn. Given that the original early warning indicators are quarterly variables and are intended to signal the onset of a downturn eight quarters in advance, w i t takes the value of 1 if the corresponding original quarterly early warning indicator was 1 in any of the quarters in year (t -1) preceding the publication of the forecast or in the first two quarters of year t when the forecast was published. In addition, following the approach of HR, in the year following the occurrence of a severe downturn, the indicator is ignored by setting it to zero. 
Domestic downturn risks
20.
Following this procedure, the estimated coefficients β 1 and (if present) β 2 then provide estimates of the mean error during downturn-risk periods.
8 Regressions of (1) for each of the G7 economies, using the preferred early warning indicators usually give well-determined statistically significant negative coefficients for β 1 and β 2 , which take values of between -0.9 and -2.0 (Table 3) . This suggests that the mean forecast error is significantly, in both statistical and economic terms, negative in "downturn-risk" periods. The magnitude of the effect of the early warning indicator on the mean forecast error is substantial and provides an estimate of the degree of skewness, the difference between the mean and modal outturns. Thus if a domestic early warning indicator is flashing, the degree of negative skew varies from -0.9 to -2.0 percentage points. On the other hand, the estimated intercept term, β 0 , is usually small and statistically insignificant, consistent with the mean error being zero during "safe" periods. 7 .
HR explain that the first four quarters following the start of a severe recession are excluded from the evaluation sample since the behaviour of the vulnerability indicators is likely to be different during a severe recession compared to normal or pre-recession times as demonstrated by Bussiere and Frantzcher (2006) .
8.
If only w 1 is present, then the mean error is β 1 when the indicator is sounding an alarm. If both w 1 and w 2 are present, then the mean error depends on whether w 1 , w 2 or both are sounding an alarm, in which cases the mean error is β 1 , β 2 or (β 1 + β 1 ), respectively. 1. Explanatory variables are all domestic early warning indicators, taking the value zero or one: HPY is related to the house-price-to disposable income ratio; PCR is related to the ratio of total private credit to GDP; BCR is related to the ratio of bank credit to GDP; RHP is related to real house prices. The definition of when each of these variables switch between zero and one is explained in Table 1. 2. Statistical significance of coefficients at the 1%, 5% and 10% levels are denoted by ***, ** and *, respectively. A coefficient which is not significant at the 10% level is denoted by "-".
4.3.2
International downturn risks
21.
One of the main findings of HR, was that indicators of global risk, including global house prices and global measures of credit, often outperform domestic indicators, but subject to the caveat that they are suited to picking up recessions that affect a large number of countries simultaneously, such as the global financial crisis of 2008/9. The same indicators performed less well in the current framework. Moreover, constructing global indicators also raises difficult issues around country coverage and weighting schemes. Nevertheless, the strong cross-country correlation between year-ahead forecast errors, suggests international spillover effects are important.
22.
To model such effects a simple alternative country-specific early warning variable has been constructed based on the number of 'other' G7 countries which are experiencing an early warning indicator alarm, but with some modification to give greater weight to other countries for which forecast errors are most closely correlated. The international early warning indicator is then judged to flashing if the number of other countries with an alarm exceeds a given threshold (which corresponds roughly with an 80 th percentile threshold). Specifically, the country-specific international early warning indicator is determined as follows:
 For the United States and Japan, it is based on the number of other G7 countries above a threshold of three in which early warning indicators are flashing;
 For Canada, it is also based on the number of other G7 countries, but giving a triple weight to the United States and with a threshold of four;
 For the major European countries it is based on the number of other major European countries as well as the United States in which early warning indicators are flashing above a threshold of two.
(1) (2) (3) (4) (5) (6) (7) (8) 
23.
Experimentation with the form of this variable suggested that it works better if instead of being a binary (0, 1) indicator, it is a variable taking a value of between 1 and (a hypothetical maximum of) 4, depending on the number of other G7 countries (exceeding the threshold) in which the early warning indicator is flashing.
9 This enables a distinction to be drawn between the severity of the international downturn pressures depending on the number of G7 countries in which early warning indicators are flashing: in the early 2000s, there were two to three G7 countries; in the early 1990s, three to four countries; and in the prelude to the global financial crisis of 2008/9 early warning indicators were flashing in five countries.
24.
The addition of this international early warning variable to the regressions described by (2) is always highly significant, and for nearly all G7 countries (the only exception being France), it is possible to simultaneously estimate a mean forecast error related both to domestic and international early warning indicators (Table 4) . 1. Domestic indicator variables all take the value zero or one: HPY is related to the house-price-to disposable income ratio; PCR is related to the ratio of total private credit to GDP; BCR is related to the ratio of bank credit to GDP; RHP is related to real house prices. The definition of when each of these variables switch between zero and one is explained in Table 1. 2. The 'international indicator' is a variable measuring the number of other countries, defined in the penultimate column, which exceeds a threshold number of countries given in the final column.
3. Statistical significance of coefficients at the 1%, 5% and 10% levels are denoted by ***, ** and *, respectively. A coefficient which is not significant at the 10% level is denoted by "-".
9.
In summing this indicator a complication is that two domestic early warning indicators are used in the preferred equations summarised in Table 4 for the United States and Italy. In the count of the international early warning indicator for other countries the United States and Italy are treated differently. In the case of the United States, the contribution of each indicator is scored separately, so if both credit and housing indicators are flashing, the United States adds two to the count of the international warning indicator. In the case of Italy, each indicator is assigned a weight of 0.5, so if both indicators are flashing it only adds one to the count of the international warning indicator. This differential treatment reflects the greater weight of the United States in the world economy and so in the transmission of shocks. 
Assessing risk in forecasts made just prior to the global financial crisis
25.
None of the early warning indicators used in the preceding empirical analysis are currently flashing, so instead of computing fan charts for current forecasts they are calculated for forecasts published in the period immediately preceding the global financial crisis.
Risk assessment in the May 2008 Economic Outlook
26.
The projections published in the May 2008 OECD Economic Outlook did not include any explicit quantitative assessment of risk, but the discussion of individual country forecasts did provide a descriptive assessment. This discussion recognised that risks were unusually elevated, with risks from financial markets or from external demand or both being mentioned for all G7 countries. However, for the majority of G7 countries, risks were thought to be equally balanced to the up-and down-side, as demonstrated from the following excerpts from the May 2008 Economic Outlook: 
Fan charts for forecasts made just prior to the global financial crisis
At the time of the May 2008
Economic Outlook domestic early warning indicators were flashing in all G7 countries Except Japan and Germany. Thus, warning thresholds had been surpassed for: growth of private credit for the United States and the United Kingdom; growth of bank credit for France, Italy and Canada; house-price income ratios in the United States and Italy; growth in the house-to-rent ratio in the United Kingdom; and growth in real house prices in France and Canada.
28.
For comparative purposes fan charts are calculated in two or three ways for each G7 country: firstly, to serve as a benchmark or 'straw man', a symmetrical dispersion is calculated assuming normality of forecast errors using the RMSE over the full historical sample; secondly, assuming a two-piece normal distribution with the skew to the fan chart computed using domestic warning indicators only, using the coefficient estimates in Table 3; 10 finally, the skew to the two-piece normal distribution is computed using both domestic and international early warning indicators, using the coefficient estimates in Table 4 . These fan charts are not computed with real-time information, rather all of them use information on the full sample of errors and early warning indicators. Instead, the interest here is in comparing the fan charts to show the difference from utilising information on the early warning indicators. 11 29.
Even once the parameters of the two-piece normal distribution are determined, there is still a separate technical issue as to how to determine the prediction intervals on which the fan chart is based. The illustrative fan charts shown later in this section follow the practice of the Bank of England so that the baseline forecast is treated as the mode of the forecast distribution and the use of highest probability density intervals ensure that the baseline forecast is always within the central (darkest shaded) interval, although this choice is not without controversy (Wallis, 1999 ; and see the discussion in Appendix B).
30.
A further issue relates to the number of prediction intervals shown in the fan chart. When the Bank of England began publishing fan charts they displayed intervals for each decile --cumulatively 10%, 20% and 30% up to 90% --although they have also more recently begun publishing an additional version of the fan chart with (only) three wider bands, covering the cumulative intervals 30%, 60% and 90%. Arguably, the latter version is visually easier to interpret. Moreover, when surveyed, macroeconomic forecasters often resort to very rounded numbers in attaching probabilities to possible outcomes and in the light of this "uncertain uncertainty" (Boero et al., 2015) , showing fewer prediction intervals seems more appropriate. Accordingly, the fan charts in the current paper only distinguish three prediction intervals at 50%, 75% and 90%. 
31.
On this basis, a series of fan charts is generated for each G7 economy for the May 2008 Economic Outlook forecasts (Figures 3 to 9 ) and the position of the outturn for GDP growth in 2009 in each fan chart is also summarised in Table 5:  Calibrating the fan chart on the basis of historical errors, assuming symmetry (the 'straw man'), implies the outturn for 2009 is below, and usually far below, the 90% prediction interval for all G7 countries (as denoted by an "X" in in Table 5 ).
 Taking into account domestic early warning indicators brings the outturn for 2009 (as denoted by "W" in Table 5 ): within the 50-70% prediction interval for the United States; within the 70-90% interval for Canada and Italy; and for France and the United Kingdom the 2009 outturn is closer to, but still below, the lower limit of the 90% prediction interval. However, the position 10. For some countries there is more than one regression in Table 3 that can be used to parameterise the fan chart. In these cases the early warning indicators corresponding to these selected in Table 4 are chosen, although the coefficient estimates are still taken from Table 3. 11. HR perform an out-of-sample exercise on the early warning indicators and find that domestic credit and asset market indicators "perform particularly well, similar to the full sample results" as do the global early warning indicators.
12.
An analogy with the appropriate disaggregation of prediction intervals might be with the reporting of the number of decimal places; quoting a number with many decimal places suggests a degree of confidence or certainty in a number, which in macroeconomic forecasting is rarely the case. Moreover, it is less easy to quickly discern the main messages from a table of many numbers, if each number is displayed with a large number of spurious decimal places.
of the outturn for Japan and Germany remains unchanged and well outside the lower limits of the fan chart, simply because domestic early warning indicators were not flashing in these countries just prior to the crisis.
 Finally, allowing for the international dimension of the crisis (as denoted by "G" in Table 5 ), by taking into account the early warning indicators flashing in other G7 countries as well domestic indicators, brings the outturn for 2009 within the 50% prediction interval for the United States, Japan and Canada, and within the 50-70% prediction interval for all other G7 countries. Economic Outlook, according to alternative parametrisations of the fan chart: "X" denotes the position of the outturn in a fan chart constructed from past historical errors, assuming that they are symmetrical and ignoring the early warning indicators; "W" denotes the position in a fan chart constructed using information on the size of forecast errors when domestic early warning indicators are flashing ; and "G" denotes the position in a fan chart constructed when the global dimension of the crisis is taken into account by using information on both domestic and international early warning indicators are flashing. 
Fan chart
interval USA JPN DEU FRA GBR ITA CAN 0-50% G G G 50-70% W G G G G 70-90% W W 90-99% X W W X 99%+ XW XW X X X
Sensitivity testing
32.
The previous exercise is open to criticism that the estimations on which the fan charts over the global financial crisis are calibrated already include the experience of the large forecast error made for 2009. This approach was deliberately taken because excluding the experience of the global financial crisis would imply discarding much information, particularly regarding synchronised severe downturns in the major OECD economies, for which there is otherwise limited experience over the available sample period.
33.
It is, however, possible to conduct a sensitivity exercise to effectively exclude the crisis from the parameterisation of the fan charts, by re-running the regressions of forecast errors on early warning indicators, but this time adding a dummy which takes the value unity for the one-year ahead forecast error of GDP growth in 2009 and zero elsewhere. The coefficient on this dummy variable is mostly large and negative and tends to reduce the explanatory power of the early warning indicators (Table 6 ). Nevertheless, for the most part the coefficients on the domestic early warning indicators remain negative, large and significant, and whereas the magnitude of the coefficient on the international indicators are more noticeably reduced and are less significant, the coefficients for most countries remain quite large, so potentially adding to any skew in the fan charts. Notes: 1. Domestic indicator variables all take the value zero or one: HPY is related to the house-price-to disposable income ratio; PCR is related to the ratio of total private credit to GDP; BCR is related to the ratio of bank credit to GDP; RHP is related to real house prices. The definition of when each of these variables switch between zero and one is explained in Table 1. 2. The 'international indicator' is a variable measuring the number of other countries, defined in the penultimate column, which exceeds a threshold number of countries shown in the final column.
3. Statistical significance of coefficients at the 1%, 5% and 10% levels are denoted by ***, ** and *, respectively. A coefficient which is not significant at the 10% level is denoted by "-". 
34.
For the purpose of the sensitivity test, the revised coefficients from this additional regression, ignoring the coefficient on the dummy variable, can then be used to recalculate the fan charts for the May 2008 Economic Outlook projections of GDP growth for the G7. By ignoring the coefficient on the dummy variable, any exceptional information from the financial crisis is essentially being discarded in the 
False alarms and missed downturns
35.
While the examples in the previous section illustrate the potential usefulness of using the early warning indicators to calculate fan charts which correctly identify future downturn risks, there will inevitably be false alarms when an early warning indicator flashes, but a downturn does not occur within the immediate forecast horizon. The pattern suggested by the early warning indicators used in the present study (see Table 8 ), suggests that on many of these occasions there will be a series of further alarms from the indicators as tensions in the housing market or credit growth continue to build until the bubble bursts and there is an eventual downturn. Most notably, in the run-up to the global financial crisis, early warning alarms were sounding in 2005, but they became steadily louder --as measured by the combined skew across the fan charts for all G7 countries --until 2008, by which time when they were deafening ( Figure  10 ). This bears out Dornbusch's observation that "The crisis takes a much longer time coming than you think, and then it happens much faster than you would have thought". It also raises the issue as to whether the "false alarms" in, say, 2006 might have been more useful from a policy perspective than a "genuine" alarm in 2008, by which time taking remedial policy action would presumably have been too late. In any case, the difficulty of precisely predicting the timing of any downturn, suggests that the early warning indicators are better employed in designing fan charts that identify potential risks rather than in adjusting the baseline forecast. 
Figure 10. The combined skew across all G7 fan charts
Note: The chart shows the skew across all G7 countries from both domestic and international early warning indicators calculated on the basis of the coefficients in Table 4 , using equation (1) and the method described in the text.
36. There will also be severe downturns which occur without prior warnings from domestic housing or credit indicators. However, in many of these cases --for example, Japan and Germany during the global financial crisis of 2008/9 --the downturn is predicted by simultaneous warning indicators in other G7 countries and so captured by the international early warning indicator. Nevertheless, there will be other occasions which are unrelated to both domestic and international housing and credit indicators; for example, the severe downturn in the UK in 1980/81 was mainly driven by decisions to target the money supply in order to reduce inflation, which led to high interest rates and a marked appreciation of sterling (Buiter and Miller, 1981) .
Country Indicator
7.
Further possible developments
37.
There are a number of directions in which the current work could be developed.
1.
To test the robustness of the results, the method could be extended to other forecasts. In the first instance, it could most easily be applied to the corresponding OECD Economic Outlook forecasts of G7 GDP growth made in the Autumn, rather than the Spring. Given the different time horizons, the parameterisation would be different, but the expectation would be that the same early warning indicators that are used in parameterising the fan charts for the Spring forecasts ought to be useful for the Autumn forecasts. The method could also be extended to non-G7 OECD countries for which there is a long series of past forecast vintages, although applying it to non-OECD countries would be difficult because the number of published forecasts is more limited. Finally, given that all forecasters are poor at identifying downturns, it would be interesting to apply the same approach to forecasts from different institutions. 2. The reliability of the early warning indicators could be improved by customising them to make them more country-specific. The work by HR, from which the current paper draws inspiration, aimed at ranking early warning indicators according to their performance across all OECD countries, adopting the same functional form and alert thresholds across all countries. The application here is different in trying to identify the one or two early warning indicators which work best for individual countries. However, it is clear that some variables that work well for a majority of countries are likely to work less well for others; for example, housing market variables are likely to work well for the United Kingdom, but less well for Germany. Moreover, as was discussed in Section 3 in relation to UK housing and credit variables, the optimal functional form of any early warning indicator may differ from country to country; for example, if a particular ratio has a long-standing historical upward trend, it is likely that a rate-of-change functional form will be more successful than an adjusted level formulation in predicting past downturns. 14 In any case, if such early warning indicators are to be used "live" to parameterise any forecast fan chart, it would be essential that the forecasters with immediate responsibility for the forecast had confidence in the reliability of the early warning indicators. Another possible modification would be to relax the threshold for what HR define as a "severe downturn", namely a decline in quarterly GDP per capita from peak-to-trough of 3½ per cent, since it is apparent that this excludes some downturns which have been associated with large forecast errors. This would likely imply an increase in the number of downturns identified over the period since 1970, from an average of 2-3 downturns to 3, 4 or 5 downturns, per country. Increasing the number of downturn episodes might help to better identify the early warning indicators which are associated with large historical forecast errors. other G7 countries, the international indicator for Japan used in the current paper would miss the effect of the Asia crisis in 1998 which led to a downturn (and a large forecast error) in Japan.
4. Finally, the procedure described here could be used as an initial starting point to parameterise a fan chart, which could then be subsequently modified according to the forecaster's judgement. Thus, while the process described in this paper is mechanical, it could provide an initial estimate for the degree and asymmetry of uncertainty associated with a forecast, which could then be subsequently judgementally revised according to how current circumstances differ from past historical experience or a previous forecast fan chart, similar to the way described by Blix and Sellin (1998) .
ANNEX A. OECD FORECAST ERRORS OF G7 GDP GROWTH
This Annex provides summary statistics on the performance of OECD forecasts of GDP growth for each of the G7 economies published in the May or June ("Spring") edition of the OECD Economic Outlook, distinguishing between forecasts for the current year and the year-ahead. Forecast errors are defined throughout as the outturn less the forecast (so that a negative error corresponds to an over-prediction), and the outturn for a particular year is defined as that published in the Spring Economic Outlook in the following year. In terms of the previous example illustrated in Figure B1 , a 90% central prediction interval covers the interval (-3.40, 3.80) with upper-and lower-tail probabilities of exactly 5% ( Figure B2 ), whereas the 90% HPD prediction interval covers the interval (-2.94, 4.14) with a lower-tail probability of 7.0% and an upper-tail probability of 3.0% ( Figure B3 ). Moreover, whereas the mode is, by construction, always within the HPD p% prediction interval for all values of p%, the mode lies outside the central prediction intervals as p% is reduced below 40%, as illustrated for a 30% central prediction interval in Figure B2 . In terms of the associated forecast fan charts, this implies that the baseline forecast (the mode) will always be within the darkest (i.e. tightest) prediction interval shown when HPD prediction intervals are used, but this is not guaranteed if central prediction intervals are used. Figure B1 . The probability density function of an illustrative two-piece normal distribution Note: The two-piece normal probability density function (pdf) represented by the solid black line is formed by re-scaling and combining two normal pdfs here represented by the dashed curves; the left-hand-side dashed curve is a normal pdf with mode of 2 and standard deviation of 3.0, the right-hand-side dashed curve has the same mode with a standard deviation of 1.3. The parameterisation has been chosen to roughly reflect the pdf of a year-ahead forecast of GDP growth for a typical G7 country when a domestic early warning indicator is flashing.
Figure B2. Central prediction intervals for an illustrative two-piece normal distribution
Note: The illustrative two-piece normal distribution has the same underlying parameters as that described in Figure B1 . The lighter shaded area corresponds to a 90% central prediction interval, within which the darker shaded area corresponds to the 30% central prediction interval. The vertical red dashed line corresponds to the mode. Figure B3 . Highest probability density prediction intervals for an illustrative two-piece normal distribution
Note: The illustrative two-piece normal distribution has the same underlying parameters as that described in Figure B1 . The shaded area corresponds to a 90% highest probability density prediction interval and the vertical red dashed line corresponds to the mode.
